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Objective. The aim of this study was to investigate the frequency of ponticulus posticus (PP) using cone beam computed
tomography (CBCT) and to describe the radiologic characteristics of the detected cases.
Study Design. The presence and types of PP were investigated on 730 CBCT images.
Results. PP was found in 17.4% (127) of the 730 CBCT scans. Of these 127 patients, 79 (10.8%) had bilateral PP and 48
(6.6%) had unilateral PP. Male predominance was found with a prevalence of 19.5% (54 of 277) and female prevalence was
16.1% (73 of 453). The prevalence of PP increased with age; the highest prevalence of PP was seen in those who were 49 to 81
years of age.
Conclusions. This study shows that PP is not an uncommon anatomic variation and is a natural incidental finding on CBCT.
(Oral Surg Oral Med Oral Pathol Oral Radiol 2014;118:e210-e219)The atlas is the ﬁrst cervical vertebra of the spine. This
cervical vertebra has several morphologic features that
differentiate it from other vertebrae, including the
absence of a vertebral body; a unique ring-shaped
arrangement surrounding the dens of the axis, which is
called the second cervical vertebra; and a unique
articulation with the cranium on its cephalad
perspective. Ponticulus posticus (PP) is a variation
occurring on the atlas vertebra. Ponticulus posticus, a
Latin term that means “the little posterior bridge,” is a
bony bridge between the posterior part of the superior
articular process and the posterolateral part of the su-
perior margin of the posterior arch of the atlas.1,2 In
the literature, there are many terms that describe this
anomaly, including ponticulus posticus, foramen sag-
ittale, foramen atlantoideum posterior, Kimmerle’s
anomaly, foramen retroarticulare superior, canalis
vertebralis, retroarticular vertebral artery ring, retro-
articular canal, foramen arcuale, and retrocondylar
vertebral artery.1-5
PP can be evaluated radiographically. Although
lateral cephalography1,2,5-17 and computed tomogra-
phy (CT)12,18-20 have been used to evaluate PP, cone
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Open access under CC BY-NC-ND license.previously used only in one study.21 CBCT has low
doses of radiation, a short imaging time, and better
image resolution compared with CT. CBCT also pro-
duces data from all of the 2D images, including
panoramic radiography, lateral cephalography, and
others, and it can also create 3D images.22 The aim of
this study was to determine the prevalence of PP using
CBCT, to categorize the variation (absent, partial and
complete) of the detected cases, to suggest an imaging
protocol for PP on CBCT, and to present a review of
the literature on PP.METHODS
Study population
We designed a retrospective cohort study using the
CBCT images from 730 patients who presented to the
Oral Diagnosis and Radiology service at Ataturk Uni-
versity’s Faculty of Dentistry between January 2010
and December 2013. Cases in which the cervical
vertebrae could not be seen properly, for technical or
anatomic reasons, were not included in this study.Imaging procedures
Cone beam imaging was performed using a NewTom
3G (Quantitative Radiology, Verona, Italy) ﬂat panele
based CBCT machine. The patient was placed in aStatement of Clinical Relevance
Ponticulus posticus (PP) can have a signiﬁcant effect
in the management of cervical spine surgery, espe-
cially surgery that involves lateral mass screw
placement. Cone beam computed tomography
(CBCT) may be used to assess this anatomic
variation.
Fig. 1. Imaging protocol. 3D, axial, coronal, and sagittal images.
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plane was perpendicular to the table, with the head
within the circular gantry housing of the X-ray tube-
detectors system; a 360-degree rotation around the head
of patient was performed, and the scanning time was 36
seconds. The scanner operated with a maximum output
of 110 kV and 15 mAs, 0.16 mm voxel size, and had a
typical exposure time of 5.4 seconds. The QR-NNT
version 2.21 (Quantitative Radiology) software pro-
gram was used for analyses. After raw data were ob-
tained, the patient left the examination room, and the
clinician was able to perform the primary reconstruc-
tion. The atlas vertebra was deﬁned on 0.5 mmethick
axial slices. One of the axial views on which the atlas
vertebrae were seen with the widest latero-lateral extent
was used as a reference view for the secondary recon-
struction. The sagittal slice of atlas vertebrae was per-
formed perpendicular to the long axis of the atlas
vertebrae with 1-mm thickness, and the coronal slices
were performed parallel to the long axis of the atlas
vertebrae with 1-mm thickness, on the selected axial
image. After the secondary reconstruction 3D images
were obtained, the direction of the PP was determined
on 3D images. Then the direction of the PP was
adjusted on the axial images by using the multiplanar
rendering mode. Sagittal images were used for the
detection of the PP because of the direction of the PP on
the atlas vertebrae (Figure 1).Evaluation of the images
A complete PP is one continuous bridge that extends
from the posterior aspect of the lateral mass to the
anterior aspect of the posterior tubercle. A partial PP is
one that does not extend fully from the posterior
lateral mass to the posterior tubercle. It is possible to
identify a PP incorrectly as a broad dorsal arch of the
atlas. A normal posterior arch of the atlas thins out
laterally and does not curve up cranially, whereas a PP
broadens laterally and extends cranially. Radiologists
examined each image for the presence of PP in any of
its forms: complete, partial, unilateral, or bilateral.
Each image was assessed by two radiologists, who
noted whether any type of PP (i.e., partial or complete)
was present. There were some cases where the radi-
ologists disagreed about the presence of partial PP,
and only images that both radiologists agreed upon
with regard to the presence or absence of PP in any of
its forms (i.e., complete or partial) were included in
the calculation of the prevalence.
Literature review
The study included a detailed search of the reported
literature using the PubMed database for the years 1955
through to June 2014. The search strategy used the
keywords “ponticulus posticus,” “posticus ponticus,”
“foramen arcuate,” “foramen arcuale,” “foramen sag-
ittale,” “foramen atlantoideum posterior,” “Kimmerle’s
Table I. Prevalence of ponticulus posticus in the literature
Author, Year Review source Sample sizes Population
Mean age or
age ranges Female (%)
Ponticulus
Posticus (%)
Selby et al., 195515 Lateral radiography 306 North America N.A. 58.17 27.12
Pyo and Lowman, 19591 Lateral radiography 300 - 49.2 56.67 12.67
Kendrick and Biggs, 196314 Lateral radiography 353 North American
orthodontic patients
6-17 53.54 15.86
Romanus and Tovi, 196426 Cadaver 105 Sweden 40.4 48.57 14.29
Lamberty and Zivanovic, 19738 Cadaver 60 England N.A. N.A. 36.67
Lamberty and Zivanovic, 19738 Lateral radiography 990 England N.A. N.A. 13.64
Saunders and Popovich,197816 Lateral radiography 592 Canada 38.8 50.00 29.22
Farman et al., 197942 Lateral radiography 220 South Africa 8-25 N.A. 26.82
Dugdale, 19816 Lateral radiography 316 - N.A. N.A. 15.51
Taitz and Nathan, 198637 Cadaver 672 Various continents N.A. N.A. 33.78
Ruprecht et al., 19887 Lateral radiography 419 Saudi Arabian orthodontic
patients
N.A. 56.32 32.94
Hoenig and Schoener, 199243 Lateral radiography 60 Germany 30 cleft lip and
30 normal
22.8 43.33 21.67
Stubbs, 199213 Lateral radiography 1000 North America 36.9 53.40 18.70
Prescher, 199744 Cadaver 200 - N.A. N.A. 11.00
Mitchell, 199827 Cadaver 1354 South Africa 20-80 28.14 10.19
Wight et al., 19999 Lateral radiography 895 Scottish Chiropractic
patients with headache
44.0 53.07 17.99
Hasan et al., 20013 Cadaver 350 Northern India N.A. N.A. 6.57
Manjunath, 200138 Cadaver 60 Southern India N.A. N.A. 11.70
Wysocki et al., 200345 Cadaver 95 Poland N.A. N.A. 31.58
Kavakli et al., 200440 Cadaver 86 Turkey N.A. N.A. 22.09
Le Minor and Trost, 200446 Cadaver 500 France N.A. N.A. 14.20
Cakmak et al., 200511 Lateral radiography 416 Turkey 49.5 68.27 13.46
Young et al., 20055 Lateral radiography 464 North America N.A. N.A. 15.52
Cakmak et al., 200511 Cadaver 60 Turkey N.A. N.A. 15.00
Paraskevas et.al., 200528 Cadaver 176 Northern Greece N.A. 48.86 34.66
Young et al., 20055 Cadaver 20 North America N.A. N.A 15.00
Lee et al., 200634 Cadaver 709 North America N.A. 35.54 26.94
Krishnamurthy et al., 200747 Cadaver 1044 India N.A. N.A. 13.79
Tubbs et al, 200739 Cadaver 60 North America 73 35.00 5.00
Kim et al, 200712 Lateral radiography 312 Korean orthodontic
patients
28 62.50 14.10
Kim et al, 200712 CT 225 Korean patients with
cervical symptoms
45 35.11 25.78
Gupta, 200836 Cadaver 55 India 16-60 N.A. 10.91
Kobayashi et al., 200835 Cadaver 50 Japan 62 23.91 10.00
Simsek et al., 200841 Cadaver 158 Turkey N.A. N.A. 9.49
Hong et al., 200820 CT 1013 Korean patients with CT
angiography of neck
55.7 55.97 15.60
Cho, 200918 CT 200 Korean patients with
cervical symptoms
45 50.00 15.50
Karau et al., 201048 Cadaver 102 Kenya 25-75 51.96 52.94
Kuhta et al., 201017 Lateral
radiography
246 North American chiropractic
patients
N.A. N.A. 45.53
Sharma et al., 20102 Lateral radiography 858 Indian orthodontic patients 15.0 65.03 4.31
Yeom et al., 201219 CT 52 C1-C2 posterolateral fusion
(Harms procedure)
44.0 63.46 17.31
Chitroda et al., 201310 Digital lateral
cephalography
500 Gulbarga population 5-70 47.00 68.40
Geist et al., 201421 CBCT 576 American orthodontic
patients
17 52.90 26.2
Present study, 2013 CBCT 730 Turkish population 8-81 62.1 17.40
CBCT, cone beam computed tomography; CT, computed tomography; N.A., not available.
ORAL AND MAXILLOFACIAL RADIOLOGY OOOO
e212 Bayrakdar et al. December 2014anomaly,” “foramen retroarticulare superior,” “canalis
vertebralis,” “retroarticular vertebral artery ring,” “ret-
roarticular canal” and “retrocondylar vertebral artery.”The citation lists made from the references that were
included have subsequently been examined in an
attempt to identify additional reports (Table I).
Table II. Details of the ponticulus posticus cases detected in the present study
n Ponticulus posticus Prevalence (%)
Gender
Female 453 73 16.1
Male 277 54 19.5
Age (Years)
8-18 178 25 14.1
19-28 249 44 17.7
29-38 127 22 17.3
39-48 107 21 19.6
49-81 69 15 21.7
Laterality
Unilateral 48 6.6
Bilateral 79 10.8
Type
Complete 46 6.3
Partial 58 8
Complete þ Partial 23 3.2
Total 730 127 17.4
Complete þ Partial indicates 1 side complete and other side partial PP on the same patient.
Fig. 3. Bilateral complete ponticulus posticus on sagittal slices. A, Left-side view. B, Right-side view.
Fig. 2. A, Absence of ponticulus posticus. B, Partial ponticulus posticus. C, Complete ponticulus posticus.
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Fig. 5. 3D images showing bilateral complete ponticulus posticus on extracted atlas vertebra. A, Left-side view. B, Right-side
view. C, Top view.
Fig. 4. 3D images showing bilateral complete ponticulus posticus. A, Left-side view. B, Right-side view. C, Rear view.
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Fig. 7. 3D images showing ponticulus posticus, with one side complete and the other side partial. A, Left-side view. B, Right-side
view. C, Rear view.
Fig. 6. Ponticulus posticus on sagittal slices, with one side complete and the other side partial. A, Complete PP on the left-side
view. B, Partial PP on the right-side view.
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Analysis of 730 CBCT images revealed PP in 127 pa-
tients, constituting 17.4% of the studied sample. Male
predominance was found with a prevalence of 19.5% (54
of 277) and female prevalence was 16.1% (73 of 453).
Table II illustrates the prevalence of PP in the current
study. Figures 2 through 11 are several examples of PP.DISCUSSION
Although PP is usually regarded as a simple anatomic
variant on the atlas vertebrae, it is an important,
common anomaly of the posterolateral aspect of the
posterior arch of the atlas. In the literature, it has been
reported to be associated with some conditions,
including vertebrobasilar insufﬁciency, headache and
Fig. 8. 3D images showing ponticulus posticus on extracted atlas vertebra, with one side complete and the other side partial.
A, Left-side view. B, Right-side view. C, Rear view.
Fig. 9. Bilateral partial ponticulus posticus on sagittal slices. A, Left-side view. B, Right-side view.
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of acute hearing loss, and chronic tension-type head-
aches.2,4,10,22-25 The PP is a bony arch on the atlas
vertebrae that converts from a groove on the upper
surface of the arcus posterior atlantis to the foramen.
This foramen is called the arcuate foramen andcontains important anatomic structures, such as the
vertebral artery and the suboccipital nerve.8,26-28 In
addition, PP is attached to the atlanto-occipital mem-
brane, which is connected to the dura.8 Since PP is in
an important anatomic location, the relationship be-
tween the presence of PP and the conditions cited
Fig. 10. 3D images showing bilateral partial ponticulus posticus. A, Left-side view. B, Right-side view. C, Rear view.
Fig. 11. 3D images showing bilateral partial ponticulus posticus on extracted atlas vertebra. A, Left-side view. B, Right-side view.
C, Rear view.
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studied in the literature. Lamberty and Zivanovic8
have shown that PP is closely attached to the atlanto-
occipital membrane, and it is known that this mem-
brane is connected to the dura. Especially when the
head is moving, the neurodynamic process may lead to
these conditions because of traction on the dura, and
this can result in pain. The authors deﬁne PP as the
causative factor in headaches, vertigo, Barré-Lieou
syndrome, eye pain, and photophobia because these
lead to ischemia of the vertebrobasilar circulation
through compression of the vertebral artery. Surgical
excision of PP alleviates these symptoms.4,9,29 Cush-
ing et al.30 studied children who have had verte-
brobasilar artery stroke and suggested a causal
relationship between PP and dissection of the vertebral
artery. Wight et al.9 have reported an important cor-
relation between the presence of a greater amount of
PP of the atlas and migraine without aura. Their study
has contributed to the mounting evidence linking
migraine and cervicogenic headache to the upper
cervical spine. The literature also contains in-
vestigations of the relationship between PP and acute
hearing loss. This relationship could be based on a
functional disturbance in the area of cervico-occipital
junction.9,11
PP has become an important anomaly of the atlas
since the lateral mass screws began being used for the
treatment of atlantoaxial instability.2,12,18 The atlas
and axis permit a greater range of motion compared
with normal vertebrae and are responsible for the
ﬂexing, extending, and rotation movements of the
head. Atlantoaxial instability is excessive movement at
the junction between the atlas and the axis. This
problem may lead to such symptoms as balance
problems, blurred vision, frequent head and neck pain,
difﬁculty swallowing, dizziness, fullness in the ears,
migraine headache, neck pain with no motion, reduced
activity, severe fatigue, suboccipital headache,
tinnitus, and vertigo.31,32 A lateral mass screw for the
ﬁxation of the atlas is a popular treatment for man-
aging atlantoaxial instability.5,19,31-35 PP is a signiﬁ-
cant anomaly of the atlas for which this procedure is
applied.2,12,18,19,31-36,40,42 The procedure is a difﬁcult
one because the region includes the epidural venous
plexus and the major occipital nerve. Injury to the
region can cause signiﬁcant bleeding and occipital
neuralgia. Since placing the lateral mass screws at the
ﬁrst cervical level can be difﬁcult, some surgeons have
proposed placing the screws higher than the classical
entry point, starting at the posterior aspect of the
posterior arch of the atlas. A broad posterior arch of
the atlas provides the best way for applying this pro-
cedure. However, although this may be effective in
most patients, PP has the possibility of beingincorrectly identiﬁed as the broad posterior arch in
patients who have PP. Placing the screw incorrectly
can result in injury to the vertebral artery and can
cause stroke and death by thrombosis, embolism, or
arterial dissection.2,5,12,18,31,32 The present study was
designed retrospectively; therefore, it is limited
because the sample does not include any special pa-
tient groups. However, considering the importance of
this serious complication, we need to evaluate the
morphologic characteristics and the prevalence of PP.
CONCLUSIONS
Establishing the presence of the PP is important for
patients. PP can have a signiﬁcant effect in the man-
agement of cervical spine surgery, especially surgery
that involves lateral mass screw placement. As this
study has indicated, PP is not an uncommon anatomic
variation and is a natural incidental ﬁnding on CBCT.
CBCT, thus, might be used to assess this anatomic
variation.REFERENCES
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